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2006 年冬季和 2007 年夏季，对南海西部海域的细菌生物量、细菌生产力和
β-葡萄糖苷酶活性等进行调查，以探明该海域异养细菌的生态特点及其在碳的海
洋生物地球化学循环中的作用，取得如下主要结果： 
(1) 在对南海西部海域 2006 年冬季和 2007 年夏季的调查中，冬季航次 150 m
以上水层的积分 β-葡萄糖苷酶活性变化范围为 105.9401～304.4797 mg C m-2 h-1，
平均 170.6968 ± 56.8148 mg C m-2 h-1，表层海水细菌生产力变化范围为 0.0044～
0.0962 mg C m-3 h-1，平均 0.0331 ± 0.0183 mg C m-3 h-1；夏季航次 150 m 以上水
层积分细菌生物量的变化范围为 1047.7～2834.9 mg C m-2，平均 1767.1±580.1 
mg C m-2，积分 β-葡萄糖苷酶活性变化范围为 77.4286～372.4286 mg C m-2 h-1，
平均 166.1355±65.1035 mg C m-2 h-1，表层海水细菌生产力变化范围为 0.0005～





(3) 南海北部 S1 站 150 m 以上水层积分细菌生物量变化范围为 1397.0~ 
3209.9 mg C m-2，平均 2415.2±988.3 mg C m-2，积分 β-葡萄糖苷酶活性变化范
围为 82.5441~125.3552 mg C m-2 h-1，平均 101.5891±43.9081 mg C m-2 h-1，表层
海水细菌生产力的变化范围为 0.0028～0.0315 mg C m-3 h-1，平均 0.0103±0.0054 






















The heterotrophic bacteria have a high abundance and activity in marine 
environments, and play an important role in marine carbon biogeochemical cycling. 
Bacterial biomass, β-D-glucosidase activity and bacterial production are major 
parameters of bacteria related to organic carbon degradation, assimilation and 
transformation. 
To study the ecological characteristics of the heterotrophic bacteria and its role in 
marine carbon cycles in the western South China Sea, bacterial biomass, production 
capability, β-D-glucosidase activity and related environmental parameters were 
investigated in winter 2006 and summer 2007. The main results showed as below. 
(1)  In Winter, integrated β-D-glucosidase activity in the upper 150 m water 
ranged from 105.9401 to 304.4797 mg C m-2 h-1, and the average was 170.6968± 
56.8148 mg C m-2 h-1. Bacterial production in the surface water ranged from 0.0044 to 
0.0962 mg C m-3 h-1, and the average was 0.0331±0.0183 mg C m-3 h-1. Summer 
cruise, integrated bacterial biomass in the upper 150 m water ranged from 1047.7 to 
2834.9 mg C m-2, and the average was 1767.1±580.1 mg C m-2. Integrated β-D- 
glucosidase activity in the upper 150 m water ranged from 77.4286 to 372.4286 mg C 
m-2 h-1, and the average was 166.1355±65.1035 mg C m-2 h-1. Bacterial production in 
surface water ranged from 0.0005 to 0.2418 mg C m-3 h-1, and the average was 0.0478 
±0.0607 mg C m-3 h-1. Bacterial activity was colse in the two cruises. 
(2)  Upwelling was found both in the two cruises in the western South China 
Sea, and it had a great influence to bacterial activity. It facilitated the increasing of 
β-D-glucosidase activity and bacterial production in its round area. Bacterial 
distribution and activity were influenced by water temperature at some extent, 
however, they were regulated by nutrients supply mainly. 
(3)  At Station S1, integrated bacterial biomass in the upper 150 m water ranged 
from 1397.0 to 3209.9 mg C m-2, and the average was 12415.2±988.3 mg C m-2. 
Integrated β-D-glucosidase activity in the upper 150 m water varied from 82.5441 to 
125.3552 mg C m-2 h-1, and the average was 101.5891±43.9081 mg C m-2 h-1. 
Bacterial production in the surface water varied from 0.0028 to 0.0315 mg C m-3 h-1, 
and the avarage was 0.0103±0.0054 mg C m-3 h-1. Although tenmperature and 















Sea, bacterial activity was far lower than that of the latter. Heterotrophic bacteia plays 
an important role in carbon biogeochemical cycles in the western South China Sea. 
(4)  The changes of bacteiral activity and community structure were observed by 
a dark bag culture experiment. The results showed that bacterial abundance, 
extracellular enzyme activity and community structure all had sharp changing. It 
suggests that the respiration determining techniques with a dark culture process have a 
great uncertainty and they don’t fit for long time culture. 
 
Key Words: Bacterial biomass, Bacterial production, β-D-glucosidase activity, South 

















海洋是地球上重要的碳库，其碳储量为大气的 50 倍[1, 2]。每年人类约排放 6 
Gt(1 Gt＝109 吨)CO2，其中 1/3 被海洋吸收[3]。CO2 和全球气候变化有着密切关
系，因此海洋碳循环的研究已成为国际研究热点[4]。溶解作用和光合作用是海洋





的细菌以异养细菌为主。真光层中细菌丰度通常高达 108～109 cells L-1 数量级，
下限约 3×108 cells L-1，生物量在 6 μg C L-1 以上，在寡营养海水中细菌生物量通
常可比浮游植物生物量高 2～3 倍[7]。随海水深度的增加，各种光合自养生物急
剧减少乃至消失，异养细菌仍可保持较高丰度，如在 4200 m 的深层海水中细菌
丰度也可达 107 cells L-1 数量级[8]。它们可直接吸收或通过胞外酶降解溶解有机碳
(Dissolved Organic Carbon，DOC)，转化为自身生物量，实现 DOC 到 POC(颗粒
有机碳，Partical Organic Carbon) 的转化[9]。在寡营养海区，细菌生物量通常可

































Table 1.1 Bacterial production and its ratio compared with primary 
prodcution in several sea areas 
Areas* BP (mg C m-2 d-1) PP (mg C m-2 d-1) BP:PP(%) References 
Eq-Pac. 124～125 588～835 15～21 Kirchman et al. (1995) 
Eq-Pac. 180～240 1080～1560 12～22 Ducklow et al. (1995) 
SEEP 55～75 NA 12～24 Kemp (1994) 
NABE 321 1082 30 Ducklow et al. (1993) 
NABE 80～207 1063～1140 8～18 Li et al. (1993) 
WCR 54～214 315～691 9～46 Ducklow and Carlson (1992) 
N. Pac. 41～65 529～816 5～12 Kirchman et al. (1995) 
Indian 133～493 236～533 30～92 Ducklow and Carlson (1992) 
Arabian 150～353 996～1457 15～26 Ducklow et al. (2001) 
*Eq-Pac., the Equatorial Pacific; SEEP, the Middle Atlantic Bight of the eastern US continental shelf and slope; 
NABE, the North Atlantic Bloom Experiments; WCR, the Warm Core Ring of the north Atlantic; N. Pac., the 























Table 1.2 Bacterial production and its ratio compared with primary production 
in adjacent sea of China 
海区 采样时间 BP BP:PP (%) 研究者 
1998.9～10 表层 0.111 (0.076～0.159) μg C L-1 h-1， 
真光层 125.5 (103.2～148.8) mg C m-2 d-1 
71 (41~97)  
(真光层) 
渤海 
1999.4～5 表层 0.140 (0.100～0.178) μg C L-1 h-1， 









0.22～13.9 μg C L-1 h-1， 
真光层 138+77 mg C m-2 d-1 
22 (6～42) Fuh-Kwo 
Shiah 等
1997.2～3 0.46～2.34，表层 1.17 μg C L-1 h-1 17 (4～30) 东海 
1998.7 3.50～15.70，表层 9.28 μg C L-1 h-1 32 (21～43) 
肖天等 
1997.10 表层 1. 44 (0.22～3.35) μg C L-1 h-1 长 江 口 冲
淡水区 1998.5 表层 2.43 (0.56～4.41) μg C L-1 h-1 
23 刘子琳等
1994．8 0.968～2.560 μg C L-1 d-1  
1995.2～4 0.21～5.18 μg C L-1 d-1  
1997.8 0.089 (0.003～0.39) μg C L-1 h-1  
台湾海峡 
1998.2～3 0.047 (0.002～0.16) μg C L-1 h-1  
郑天凌等
2006.8 表层 0.097, 总 0.060 μg C L-1 h-1  
2006.11 表层 0.157, 总 0.122 μg C L-1 h-1  
2007.2 表层 0.076, 总 0.061 μg C L-1 h-1  
厦门海域 
2007.5 表层 0.300, 总 0.256 μg C L-1 h-1  
郑天凌等
大亚湾 2000.4 表层 13.63 (5.04～30.2)  
总 11.17 (0.50～30.20) μg C L-1 h-1 
 彭安国等
2004.2～3 真光层 65.1+42.8 mg C m-2 d-1, 
表层 0.08+0.09 μg C L-1 h-1 
南海北部 
2004.8～9 真光层 52.5+28.6 mg C m-2 d-1, 
表层 0.08+0.03 μg C L-1 h-1 
26 (4～96)  
(真光层)  
宁修仁等















南海北部 2006.11～12 表层 0.054(0.017～0.116) μg C L-1 h-1  
吕宋冷涡 2006.12 表层 0.030(0.012～0.070) μg C L-1 h-1  
郑天凌等
  南海西部 2006.12       表层 0.033 + 0.0183 μg C L-1 h-1 








菌所利用的 DOM 大部分用于呼吸作用，使得 BGE (BGE=BP/BP+BR，BR：
Bacterial Respiration)通常很低。BGE 近年来的估计值为 0.1～0.25，Del Giorgio 










(Investigation on the Bacteria of the Glacial Arctic Ocean)。1939年版的《伯杰氏细





























表面荧光显微镜发现，近海浮游细菌的丰度高达 6.3×109 cells L-1，4200 m 的深
层海水中也高达 3.4×107 cells L-1[8]。该方法和结果引起海洋科学家的极大兴趣，
使人们对浮游细菌在海洋中的作用被重新认识。1980 年 Porter 和 Feig 对该方法
进行改进，采用 DAPI(4’,6-diamidino-2-phenylindole)代替 AO 染色，使得背景更
清晰，染色效果更加专一[43]。1983年，Yentsch将流式细胞仪用于微型生物自然
群落结构研究[44]，之后该技术在微型浮游生物生态学调查中迅速得到广泛应
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